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[57] ABSTRACT 

A mechanical system is disclosed to capture and/or 
deploy a device or vehicle having relative motion with 
respect to another vehicle. The mechanism includes an 
on-board controlled collapsible iris assembly located at 
the end of a controlled manipulator system carried by 
one moving vehicle. The iris assembly by means of the 
manipulator system encircles a probe located on the 
other moving vehicle whereupon the iris assembly is 
activated and one or more iris elements close around the 
probe, thus capturing and axially aligning the other 
vehicle with the iris assembly. Additionally, a rotator 
assembly is included for spinning the iris assembly in a 
manner adapted to engage the probe of a spinning vehi- 
cle. Deployment of the other vehicle is accomplished 
by reversing the capture procedure. 

14 Claims, 30 Drawing Figures 
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COUPLING DEVICE FOR MOVING VEHICLES 

ORIGIN OF INVENTION 

The invention described herein was made by an em- 5 
ployee of the U.S. Government and may be manufac- 
tured and used by or for the Government for govern- 
mental purposes without the payment of any royalties 
thereon or therefor. 

BACKGROUND OF THE INVENTION 

This invention relates generally to a device for cou- 
pling two bodies and more particularly to a mechanism 
for capturing or deploying two moving vehicles in a 15 
low gravity environment. 

In the low gravity environment of space, various 
types of docking apparatus for space vehicles are 
known. For example, prior spacecraft capture and de- 
velopment experience has utilized end effector/recep- 2Q 
tor devices employing massively built mechanical link- 
age coupling arrangements. In such apparatus, any 
spacecraft positional instability resulting from a very 
light asymmetrical contact between the two spacecraft 
has been stabilized by the use of gas reaction controlled 2 $ 
jet systems positioned on both contacting spacecraft. In 
addition to mechanical linkages of the type described, 
there are known capture systems which utilize wire 
cables or other means which become taut at the final 
stage of expected capture. 30 

While the prior art for all practical purposes presum- 
ably operates as intended, certain inherent limitations 
nevertheless exist in such apparatus. For example, a 
spacecraft may not be remotely captured or deployed 
from considerable distances from an orbiter. Since mo- 35 
mentum wheel attitude controlled spacecraft are diffi- 
cult to capture without causing unstable motions 
through unintentional inprecise collisions, high impulse 
attitude control jet systems are required to stabilize the 
two engaging spacecrafts. Also spacecraft deployment 40 
is subject to considerable tip-off due to locked in asym- 
metries. Additionally, existing spacecraft capture de- 
ployment mechanisms require considerable spacecraft 
space and weight allotment. Similar problems exist in 
coupling moving vehicles in a low gravity water envi- 45 
ronment as well as in gravity environments, such as in 
air or on land. 

It is an object of the present invention to provide an 
improved mechanism for capturing and deploying rela- 
tively moving vehicles. 50 

Another object of this invention is to provide a de- 
vice for coupling objects moving in a low gravity me- 
dium. 

It is another object of the present invention to pro- 
vide a system that is able to capture a spinning vehicle 55 
as well as spin up and deploy a spinning vehicle which 
has been previously captured. 

Still a further object of the present invention is to 
provide a capturing mechanism which need not be axi- 
ally aligned with the spacecraft to effect the capture and 60 
in the course of release of the spacecraft during deploy- 
ment the spacecraft need not remain axially aligned 
with the mechanism. 

Another still further object of the invention is to 
provide a capture and deployment mechanism which is 65 
adapted to operate in conjunction with a conventional 
mechanical manipulator system utilized on space flight 
vehicles such as a space shuttle orbiter. 
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Briefly, these and other objects are attained by an 
arrangement of an end effector including a collapsible 
iris assembly located at the remote end of an articulated 
manipulator system carried on board one moving vehi- 
cle. When deployed a predetermined distance away 
from the vehicle, the iris assembly is positioned to re- 
ceive a probe, i.e., an outwardly projecting end recep- 
tor attached to another moving vehicle which is to be 
captured or deployed. With the end receptor positioned 
within the iris assembly, it is actuated by the manipula- 
tor system through an interface adapter to close around 
the end receptor, thus capturing and axially aligning the 
other vehicle with the iris assembly. Additionally, a 
rotator assembly is located between the manipulator 
system and the end effector to rotate the iris assembly to 
receive a rotating vehicle or to spin up the vehicle for 
deployment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a space shuttle orbiter 
linked to an orbiting spacecraft via a manipulator sys- 
tem; 

FIG. 2 is a partial perspective view of a probe type 
end receptor engaged by a first embodiment of the end 
effector of the subject invention; 

FIG. 3 is a perspective view of a second embodiment 
of an iris type end effector according to the subject 
invention; 

FIG. 4 is a front plan view partially in section of the 
first embodiment of end effector shown in FIG. 2; 

FIG. 5 is a partial side elevational view partially in 
section of the assembly shown in FIG. 4; 

FIG. 6 is a cross sectional view of the assembly 
shown in FIG. 4 taken along the lines 6 — 6; 

FIG. 7 is a cross sectional view of the assembly 
shown in FIG. 4 taken along the lines 7 — 7; 

FIG. 8 is a cross sectional view of the iris assembly 
shown in FIG. 4 taken along the lines 8 — 8; 

FIG. 9 is a front elevational view partially in section 
of the iris type end effector shown in FIG. 3; 

FIG. 10 is a cross sectional view of the assembly 
shown in FIG. 9 taken along the lines 10 — 10; 

FIG. 11 is a cross sectional view of the iris assembly 
shown in FIG. 9 taken along the lines 11 — 11; 

FIGS. 12-23 are diagrammatical illustrations of the 
operation of the double iris assembly shown in FIG. 2 
during a capture sequence; and 

FIGS. 24-30 are diagrammatic illustrations illustra- 
tive of the capture sequence obtained by means of the 
single iris assembly shown in FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings and more particularly 
to FIG. 1, reference numeral 10 denotes an orbiter vehi- 
cle such as a space shuttle which is designed to perform 
a variety of missions, one typical example being the 
capturing and/or deploying various types of spacecraft 
12, e.g., satellites in earth orbit. This procedure, more- 
over, is accomplished a predetermined distance away 
from vehicle 10 by means of a conventional articulated 
manipulator system 14, which is adapted to project 
from a storage compartment or bay 16 and be remotely 
controlled by the crew quartered within the cabin area 
11 . 

The manipulator system 14 shown in FIG. 1 consti- 
tutes known apparatus and includes an upper arm 18, a 
lower arm 20, and a wrist section 22. An end effector 24 
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is interfaced with the wrist section 22 by means of a means may take many froms, however, one typical 
rotator assembly 26, including suitable slip ring means, example is by means of a mechanical gear arrangment, 
not shown, which is adapted to rotate the end effector to be described, operated in accordance with mechani- 
24 during capture or deployment in order to accommo- cal operators 54 and 55 coupled back to the rotator 
date relative motion between the spacecraft orbiter 5 assembly 26. Whereas the double iris configuration 
during capture as well as being able to spin up the space- shown in FIG. 2 is mounted upon at least one support 
craft in the desired manner upon deployment. Contact beam 38, the single iris configuration shown in FIG. 3 is 
between the end effector 24 and the spacecraft 12 is mounted upon an adaptor assembly 56 consisting of 
made by means of an end receptor 28 attached to the multiple struts 57 coupled between the iris housing 48 
spacecraft 12. 10 and the rotator assembly 26. 

The end effector 24 shown in FIG. 1 comprises two Proceeding now to the details of the collapsible iris 
embodiments of an axially moveable collapsible iris embodiments, reference is now made to FIGS. 4-8, 

assembly which when open is adapted to receive or be which are illustrative of the details of the double iris 
positioned around the end receptor 28 which preferably concept. Shown in FIG. 4, there is an iris housing, for 
constitutes an elongated probe as shown in FIG. 2. 15 example, the inward housing 32 shown in FIG. 2, which 
When desirable the end receptor may be configured as is adapted to move axially along the iris support beam 
an extensible structure, boom or tether. The spacecraft 34. This movement is provided by means of a pair of 
12 need not be axially positioned with respect to the mounting brackets 58 and 60 to which is attached a pair 
central axis of the iris assembly. It is only necessary that of open pillow blocks 62 and 64. The pillow blocks 62 
the probe or end receptor 28 passes through an aperture 20 and 64 are adapted to slide upon the shafts 66, 68 at- 
in the iris assembly housing. Thereafter, operation of tached to shaft support rails 70, 72, secured to the outer 
the iris assembly upon control from within the orbiter vertical walls of the iris support beam 34. The lower 
vehicle 10 close around the probe to capture and axially portion of the housing 32 intermediate the rails 70 and 
align the spacecraft 12 with the axis of the iris assembly. 72 includes a section 74 which resides within the iris 
Referring now to FIG. 2, there is disclosed in a semi- 25 support beam 34 and is adapted to contain a linear actu- 
diagrammatica! representation the first embodiment of ator 76 which is adapted to axially move the housing 32 
the iris assembly, the details of which are further illus- away from the fixed housing 30 shown in FIG. 2. This 
trated in FIGS. 4-8. FIG. 2 shows a double iris configu- structure is additionally shown in FIG. 5. FIG. 5 shows, 
ration wherein a pair of iris housings 30 and 32 are in addition to the details of the linear actuator 76 which 
axially aligned on a support assembly including a sup- 30 may be a piston having a rod 78 coupled to an attach- 
port beam 34. The support beam 34 is attached to the ment bracket 80 which is secured to the housing portion 

outer ring 36 of the rotator assembly 26. The outer iris 74 (FIG. 4), the relatively narrow width dimension of 

housing 30 is stationary while the inner housing 32 is the housing 32 and the iris elements 52 included therein, 

adapted to be moved away from the outer housing Referring back to FIG. 4, the iris blade elements 52 
along the support beam 34 by means of a linear actuator 35 shown therein are three in number. The three elements 
38. In operation, the two iris housings 30 and 32 are 52 are curvilinear blade type members pivotally at- 
adapted to be positioned relatively close to one another tached to an inner circular portion 80, which is also 

during the initial phases of the capture procedure, but adapted to receive the iris elements when unactivated in 

thereafter the inner iris housing 32 is moved away from a nesting relationship such that a common inner diame- 
the housing 30 during the final phases as will be ex- 40 ter substantially greater than the diameter of the probe 
plained when FIGS. 12-18 are considered. 28 is provided. The iris blade type elements are adapted 

With respect to the elongated probe-type end recep- to be pivoted away from the nesting position inwardly 

tor 28 attached to the spacecraft 12 it includes limit towards the longitudinal central axis of the housing 32 

travel stop means 40 consisting in one optional configu- by means of a drive link 82 coupled from the forward 

ration of one or more members which are normally 45 part of the iris element to an annular ring gear 84, which 
folded into respective recesses 42 contained in the sur- is adapted to be driven by a pinion gear 86. It can be 

face of the receptor but on command project outwardly seen that by rotation of the spur gear 84 through the 
therefrom. In a like manner, a captive retainer means 44 pinion gear 86, that a clockwise travel of the spur gear 

also optionally consisting of one or more elements is 84 cause the link 82 to force the respective blade mem- 

located at the opposite or near end of the receptor 28. 50 bers 52 simultaneously inward and close about any ob- 

These elements are also adapted to be maintained in a ject therein, e.g., the end receptor probe 28 forcing it to 

stowed position in respective slots 46 but project out- the center. 

ward on command. The limit travel stop and captive As to the further structural details of the iris assembly 
retainer mechanisms 40 and 44 are selectively activated shown in FIG. 4, reference is now made briefly to 

subsequent to the probe 28 passing through the iris 55 FIGS. 6, 7 and 8. Referring briefly to FIG. 6 which is a 
housings 30 and 32. cross sectional view taken along line 6 — 6 of FIG. 4, 

A simpler form of the invention is depicted in FIG. 3. reference numeral 32 refers to the iris housing in which 

It consists of a single iris assembly contained within one is located an annular channel member 88 held in place 

housing 48 as opposed to the two housings 30 and 32 and rotatable by means of a ball bearing assembly 90. 
shown in FIG. 2. Whereas in both instances collapsible 60 The channel 88 is coupled to the ring gear 84 by means 
iris members are included within the respective hous- of a coupling member 82 shown in FIG. 8 and includes 

ings, the embodiment shown in FIG. 3 is adapted to a rectangular cross sectional space which receives one 
include relatively wide iris elements 50 while the double end of the link 82 as shown in FIG. 7 and which is 

configuration utilizes relatively narrow or blade type coupled thereto by means of the screw 94. The housing 

iris elements 52. In both instances means are included in 65 32 additionally terminates in an inwardly angulated 
the respective iris configurations for being actuated ‘bifurcated portion 96 which receives the pivotal end of 

from the orbiting vehicle 10 through the manipulator the iris blade 52 being held thereat by means of the 

system 14 and a suitable interface; The specific actuator screw 98. 
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FIG. 7 additionally shows that the outer end of the towards the center of the circular opening in the hous- 

link 82 is coupled to the blade member 52 by means of ing 48 and thus make contact with a probe type end 

the screw 100. The iris blade element 52 itself comprises receptor not shown or alternatively, being moved in the 

a channel type member which is adapted to receive the opposite direction to release an end receptor, 

link 82 in the recess 102 when in the fully retracted or 5 The manner in which the subject invention operates 
open position. The outer surface of the iris blade 52 has may be better understood by reference to the diagrams 

a frictional surface member 103 attached thereto for of FIGS. 12 through 30. More particularly, FIGS, 

engagement with the end receptor 28. Additionally, 12-23 schematically illustrate the operation of the dou- 

portions of the bifurcated housing portion 96 adjacent ble iris configuration while FIGS. 24-30 illustrate the 

the iris blades 52 contain like frictional members 104 so 10 operation of the single iris configuration, 
that as illustrated in FIG. 4 when the iris blades 52 are A brief reference to FIG. 12 will be helpful in relating 
retracted, a substantially continuous inner surface of the physical embodiments of the subject invention al- 
frictional elements 103 and 104 is provided on the inside ready described above to the schematic representations 
of the iris housing 32. to follow. As before, reference numeral 12 represents 

FIG. 8 is a cross sectional view of the arrangement of 15 the spacecraft to be captured or deployed by means of 
elements shown in FIG. 4 taken along the lines 8 — 8 and an end effector assembly 24 (FIG. 1). In the diagram of 

shows the manner in which the iris blade elements 52 FIG. 12, the end effector 24 is intended to depict the 

are actuated. forward iris housing 30 and an aft iris housing 32 includ- 

The mechanical operator 54 depicted in FIG. 2 is ing respective iris blades therein providing a pair of end 

further illustrated in FIG. 8 and is shown including a 20 effector mechanism through which the spacecraft end 
tubular housing 106 through which passes a shaft 108 receptor 28 passes initially at least in a relatively course 

which couples to the coupling element 110 which in position, meaning that the end receptor 28 is not neces- 

tum engages the pinion gear 86. The coupling element sarily aligned with the center axis of the two iris hous- 

110 is held in place by means of journaled bearing as- ings 30 and 32. 

semblies 112 and 114 attached to the support member 25 FIG. 13 illustrates the worst possible case wherein 
116 which forms part of the iris housing 32. Thus power the angle of the end receptor 28 is at its maximum de- 

is transmitted to the members 108 and 110 from the parture from the center axis of the pair of iris housings 

manipulator system 14 through the rotating assembly 30 and 32, with the respective iris blade elements, not 

26. shown, fully retracted, such as shown in FIG. 4. Cap- 

The iris assembly shown in FIG. 4 may operate with 30 ture is accomplished in a multiple sequence of iris blade 
a second like structure to receive or release the end activation which may encompass any one or a combina- 
receptor probe 28 in a manner to be described. tion of steps illustrated in FIGS. 14 through 18. Follow- 

Referring now to FIGS. 9-11, there is shown the ing the initial acquisition as shown in FIG. 13, typically 
mechanical details of the single iris embodiment shown the first step would be to actuate the forward end iris 
in FIG. 3. The single iris structure effectively mecha- 35 blades 52 in the housing 30 as shown in FIG. 14 to 
nizes a pair of irises such as described above but whose contact the end receptor 28 and urge the proximal end 
relative separation distances are fixed. Referring now to of the probe 28 inwardly. Following this, as depicted in 
FIG. 9, the relatively wide iris blade elements 50 are FIG. 15, the blades in the forward iris housing 30 are 
pivotally connected to inwardly projecting mounting retracted and the blades 52 in the rear assembly 32 are 
blocks 118 attached to the inner surface of the housing 40 activated, providing a further nudging action at the 
48. An annular ring 120 within the housing 48 has a distal end of the probe 28. Following this, both iris 
plurality of recesses 122 therein which is adapted to assemblies 30 and 32 are actuated, causing the respec- 
accommodate the drive links 124. The ring 120 is rotat- tive blades 52 to contact both ends of the end receptor 
able within the housing 48 by means of the bearing 28. FIG. 16 also indicates that the limit stop mechanism 
assemblies 126 and 128. Additionally, a portion of the 45 40 may also be deployed on command from the space- 
outer surface of the ring 120 includes gear teeth 130 craft 12. FIG. 17 next illustrates that while both sets of 
which engage a double pinion gear 132 contained in a iris blades 52 are extended in the manner shown in FIG. 
protective housing 134. 16, the rear iris assembly 32 is moved away from its 

The relative width of the iris blades 50 is demon- initial position adjacent the housing 30, which will 
strated in th$ sectional views of FIGS. 10 and 11. FIG. 50 cause a further swing of the end receptor 28 into axial 
10 additionally shows relatively long bolts or pins 136 alignment. The final docking step next involves a full 
and 138 which interconnect the drive link 124 to the actuation of the iris blades 52 in the assemblies 30 and 32 
ring member 120 and the respective iris blade element while separate, which will cause the end receptor to be 
50. FIG. 10 additionally shows that the relatively wide in full alignment with the central axis of the two iris 
iris blade element 50 has a frictional surface contact 55 assemblies 30 and 32. At this time the captive retainer 
member 140 applied to its outer surface for contacting assembly 44 is activated. 

an end receptor, not shown. ... Thus a selective closing of the iris blades 52 is de- 

FIG. 11 shows the details of the drive mechanism for signed to gently displace the spacecraft 12 from its 
the relatively wide iris blade 50 shown in its retracted initial entry position into the end receptor shown in 
position. The drive mechanism is similar to that utilized 60 FIG. 13 to that shown in FIG. 18. Because a certain 
for the double iris configuration in that the pinion gear amount of rotation may occur as a result of the sequence 
132 is coupled back to the manipulator system 14 (FIG. shown or in the event that the spacecraft itself is rotat- 
1) via a drive shaft 142 which is coupled to a journaled ing, the rotation assembly 26 shown in FIG. 2 offsets 
coupling element, 144 inside of the protective housing this. Additionally, any precession furthermore can eas- 
134. By selective rotation of the spur gear 132 through 65 ily be overcome by repeating the realignment process 
the coupling 144 and the drive shaft 142, the circular shown. 

ring 120 is rotated from a closed position of the blades While the FIGS. 13 through 18 illustrate the worst 
50 clockwise which pushes the blade members 50 possible entry condition, FIGS. 19 through 20 depict a 
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less drastic procedure as well as illustrating such a pro- 
cedure viewed along the axial or front elevation direc- 
tion. FIG. 19, for example, illustrates the end receptor 
being axially aligned but offset from the central axis of 
the pair of iris assembly housings 30 and 32. While 5 
FIGS. 19 and 23 illustrate side views, FIGS. 20-22 
constitute front elevational views of the capture proce- 
dure. In FIGS. 19 and 20, the interceptor 28 is posi- 
tioned to one side of the iris assemblies 30 and 32 which 
may be, for example, the top side, as depicted in FIG. 10 
20. In FIG. 21 it can be shown that as the irises close, 
they gently move the end receptor 28 inwardly towards 
the center. Considering FIGS. 22 and 23, there is de- 
picted the full closure of the irises in the same fashion as 
shown with respect to FIG. 18, with the assemblies 30 15 
and 32 being moved apart and with the limit travel stops 
40 extended. 

With respect to the single iris assembly, FIGS. 24-26 
depict its operation for a first orientation of the end 
receptor 28 similar to that shown in FIG. 12, while 20 
FIGS. 27 through 30 depict an orientation such as 
shown in FIGS. 19-23. Whereas in the former embodi- 
ment where pairs of iris blades 52 contacted the end 
receptor 28, in the single iris embodiment as shown in 
FIG. 24 in the worst possible orientation of the end 25 
receptor 28, the opposite outside edges 51 and 53 
contact the end receptor, which as the iris blades 50 are 
urged inwardly, rotate the end receptor as shown in 
FIG. 25, with a completed capture and alignment being 
shown in FIG. 26. 30 

With respect to FIGS. 27 and 28, which respectively 
disclose side and front elevational views of a parallel 
offset entry of the end receptor 28 into the iris assembly, 
its closure as shown by the mid-closure of FIG. 29 and 
the full closure of 30 merely moves the end receptor 35 
towards the center axis in the same manner as shown 
with respect to FIGS. 22 and 23. 

In all instances, substantial axial and torsional re- 
straint between the spacecraft 12 and the end effector 24 
is maintained through friction between the contacting 40 
surfaces. When desirable, the spacecraft 12 can be 
berthed within the storage compartment or bay 16 of 
the orbiter 10 by means of the manipulator system 14 
according to techniques already known. 

Deployment of a spacecraft 12 is substantially the 45 
reverse process of the capture procedure previously 
described wherein the manipulator system 14 takes a 
stowed spacecraft 12 from the compartment 16, posi- 
tions it at a safe distance from the orbiter 10 and decou- 
pled without tumbling to the extent introduced by the 50 
stability of the orbiter or when desirable, a spin can be 
imparted by means of the rotator assembly 26. 

Thus what has been shown and described is a capture 
and deployment mechanism for use with both large and 
small spacecraft with the removal of torsional and trans- 55 
lational disturbances resulting from the relative motion 
between the spacecraft and orbiter by the orbiter atti- 
tude control system, as well as that included in the 
spacecraft itself. The provision of means to permit cap- 
ture and deployment away from the orbiter itself not 60 
only minimizes and/or eliminates possible orbiter con- 
tamination effects on the spacecraft, it is adapted to 
protect the spacecraft from collisions with appendages 
or possible spacecraft instrumentation view angle inter- 
ference. In other words, minimum orbiter-spacecraft 65 
interference results. 

While the preferred embodiments of the invention 
have been described with a certain amount of particu- 
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larity, it is to be understood that such description is 
made by way of illustration and not limitation. Thus, 
although the invention has been described in the context 
of a space application, it may also be used in a gravity 
environment, such as on land and in the air, as well as in 
another low gravity environment such as water. Ac- 
cordingly, it is to be understood that conventional and 
obvious substitutions, modifications and reversal of 
parts may be resorted to without departing from the 
spirit or scope of the invention as defined by the inven- 
tion as claimed. 

What is claimed is: 

1. A system for capturing and deploying first craft 
means having motion relative to a second craft means 
wherein said second craft means includes remotely 
controlled manipulator apparatus, the combination 
comprising: 

outwardly projecting end receptor means located on 
said first craft means; and 

end effector means including a collapsible iris assem- 
bly coupled to the manipulator apparatus and oper- 
ated from said second craft means through said 
manipulator apparatus, said iris assembly having a 
pair of axially movable independently operable iris 
mechanisms, each of said iris mechanisms having a 
plurality of iris elements adapted to be positioned 
around said end receptor means and upon com- 
mand being operable to close and open for respec- 
tively engaging and releasing said end receptor 
means. 

2. The system as defined by claim 1 wherein each iris 
mechanism includes a housing having a central longitu- 
dinal opening and wherein said plurality of iris elements 
are located on the edge of said opening. 

3. The system as defined by claim 2 wherein each iris 
mechanism includes means for operating the respective 
iris elements in unison. 

4. The system as defined by claim 3 and additionally 
including means for selectively moving one iris mecha- 
nism a predetermined distance away from the other iris 
mechanism while maintaining a common longitudinal 
central axis. 

5. The system as defined by claim 4 wherein said last 
recited means for moving one iris mechanism away 
from the other iris mechanism is controlled from said 
remotely controlled manipulator apparatus. 

6. The system as defined by claim 1 wherein said 
plurality of iris elements in each said housing comprises 
pivotally mounted relatively narrow blade like elements 
having a frictional surface for engaging said end recep- 
tor means. 

7. The system as defined by claim 6 and additionally 
including drive means in said housing coupled to the 
plurality of blade like elements for being pivoted in- 
wardly and thereby close upon said end receptor means. 

8. The system as defined by claim 7 wherein said 
drive means comprises a ring gear mounted in said 
housing adjacent said pivotally mounted blade like ele- 
ments and a connecting drive link coupling said ring 
gear to said blade like elements to provide pivotal mo- 
tion of said blade like elements. 

9. The system as defined by claim 8 and additionally 
including means coupled to said manipulator apparatus 
for driving said ring gear. 

10. The system as defined by cl^im 9 wherein said last 
recited means comprises a pinion gear assembly coupled 
to said ring gear. 


9 

11. The system as defined by claim 1 and additionally 
including interface adaptor means coupled between said 
manipulator apparatus and said iris assembly. 

12. The system as defined by claim 11 wherein said 
interface adaptor means includes a rotation assembly for 5 
providing a predetermined rotation of said iris assembly 
along its central longitudinal axis. 

13. The system as defined by claim 1 wherein said end 
receptor comprises an elongated member having selec- 
tively operable captive retainer means located at the 
outer or distal end of said member and a selectively 
operable limit travel stop means at the near or proximal 
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end of said member, said captive retainer means and said 
limit travel stop means being separated by a distance 
sufficient to be on opposite sides of said iris assembly 
when in engagement therewith. 

14. The system as defined by claim 13 wherein said 
captive retainer means and said limit travel stop means 
comprises members stowed along the surface of said 
end receptor and being adapted to be actuated and 
10 extend outwardly therefrom to provide transverse pro- 
jecting members. 
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